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(57) Provided is an information processing appara-
tus (100) including: an image acquiring unit (112) that
acquires captured image information of a sample (20)
dyed with a fluorescent dye reagent (10), an information
acquiring unit (111) that acquires information related to
the fluorescent dye reagent (10), a correcting unit (131)
that corrects the luminance of the captured image infor-
mation using a fluorescence fading coefficient that rep-

resents the rapidness at which the fluorescence intensity
of the fluorescent dye reagent (10) drops, the fluores-
cence fading coefficient being included in the fluorescent
dye reagent (10), and a calculating unit (132) that calcu-
lates information corresponding to fluorescent molecules
in the captured image information, using the corrected
luminance.
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Description

Field

[0001] The present disclosure relates to an information processing apparatus, an information processing method, an
information processing system, and a computer program.

Background

[0002] Having been conventionally known is a fluorescence microscope capable of generating fluorescence by irra-
diating an object to be observed that is dyed with a fluorescent dye reagent, with an excitation ray, of capturing an image
of the fluorescence, and of outputting the resultant captured image information. In relation to the fluorescence microscope,
because the brightness of the object to be observed is low compared with that in an ordinary microscope (bright-field
microscope) for visible light, it is necessary to expose the imaging device to the excitation ray for a long time period,
and the noise is likely to become included in the captured image information as a result of the extended exposure.
Therefore, various technologies have been developed to remove the noise from the captured image information of the
fluorescence.
[0003] For example, Patent Literature 1 listed below discloses a technology capable of removing noise more appro-
priately when tiling is applied to an image of an object to be observed that is dyed with a fluorescent dye reagent (when
the image is divided into tiles), using a fluorescence microscope.

Citation List

Patent Literature

[0004] Patent Literature 1: JP 2013-25466 A

Summary

Technical Problem

[0005] However, in the technology disclosed in Patent Literature 1, the effect of fading of the fluorescence of the
fluorescent substance is not appropriately taken into consideration. To explain more specifically, it has been known that,
when a fluorescent substance is irradiated with an excitation ray, the fluorescence intensity of the fluorescent substance
drops (that is, fluorescence fading occurs or its apparent quantum yield drops) depending on the intensity of the excitation
ray and the passage of the irradiation time. Therefore, depending on technologies such as that disclosed in Patent
Literature 1, observers sometimes fail to evaluate information corresponding to fluorescent molecules (for example, the
number of fluorescent molecules or the number of antibodies bounded to fluorescent molecules) appropriately, using
the captured image information of the fluorescence.
[0006] To address this issue, the present disclosure is made in consideration of the above problem, and an object of
the present disclosure is to provide a novel and improved information processing apparatus, information processing
method, information processing system, and computer program capable of calculating information corresponding to
fluorescent molecules, while taking the effect of fluorescence fading of the fluorescent substance into consideration.

Solution to Problem

[0007] According to the present disclosure, an information processing apparatus is provided that includes: an image
acquiring unit that acquires captured image information of a sample dyed with a fluorescent dye reagent; an information
acquiring unit that acquires information related to the fluorescent dye reagent; a correcting unit that corrects luminance
of the captured image information using a fluorescence fading coefficient that represents rapidness at which a fluores-
cence intensity of the fluorescent dye reagent drops, the fluorescence fading coefficient being included in the information
related to the fluorescent dye reagent; and a calculating unit that calculates information corresponding to fluorescent
molecules in the captured image information, using the corrected luminance.
[0008] Moreover, according to the present disclosure, an information processing method executed by a computer is
provided that includes: acquiring captured image information of a sample dyed with a fluorescent dye reagent; acquiring
information related to the fluorescent dye reagent; correcting luminance of the captured image information using a
fluorescence fading coefficient that represents rapidness at which a fluorescence intensity of the fluorescent dye reagent
drops, the fluorescence fading coefficient being included in the information related to the fluorescent dye reagent; and
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calculating information corresponding to fluorescent molecules in the captured image information, using the corrected
luminance.
[0009] Moreover, according to the present disclosure, a computer program is provided that causes a computer to
execute: acquiring captured image information of a sample dyed with a fluorescent dye reagent; acquiring information
related to the fluorescent dye reagent; correcting luminance of the captured image information using a fluorescence
fading coefficient that represents rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the
fluorescence fading coefficient being included in the information related to the fluorescent dye reagent; and calculating
information corresponding to fluorescent molecules in the captured image information, using the corrected luminance.
[0010] Moreover, according to the present disclosure, an information processing system is provided that includes: an
image acquiring unit that acquires captured image information of a sample dyed with a fluorescent dye reagent; an
information acquiring unit that acquires information related to the fluorescent dye reagent; a correcting unit that corrects
luminance of the captured image information using a fluorescence fading coefficient that represents rapidness at which
a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence fading coefficient being included in the
information related to the fluorescent dye reagent; a calculating unit that calculates information corresponding to fluo-
rescent molecules in the captured image information, using the corrected luminance; and a display unit that displays
image information generated based on the information corresponding to fluorescent molecules.

Advantageous Effects of Invention

[0011] According to the present disclosure as explained above, it becomes possible to calculate information corre-
sponding to fluorescent molecules, while taking the effect of fluorescence fading of the fluorescent substance into
consideration.
[0012] The effect described above is not necessarily limiting, and any of the effects described herein or other effects
understood from the description herein may be achieved, in addition to, or instead of the effect described above.

Brief Description of Drawings

[0013]

FIG. 1 is a block diagram illustrating an exemplary configuration of an information processing system according to
an embodiment.
FIG. 2 is a flowchart illustrating one example of the entire sequence of a process of calculating the number of
fluorescent molecules or the number of antibodies bonded to fluorescent molecules.
FIG. 3 is a schematic for explaining a fluorescence fading correcting process.
FIG. 4 is a schematic for explaining the range detectable through an objective lens of a fluorescence microscope.
FIG. 5 is a flowchart illustrating an example of the sequence of a process of measuring a fluorescence fading
coefficient.
FIG. 6 is a schematic illustrating captured image information of a mixture of a fluorescent dye reagent 10 and a
mounting medium.
FIG. 7 is a schematic illustrating captured image information only of the mounting medium.
FIG. 8 is a schematic illustrating a result of plotting the mean luminance of a fluorescent substance in the chronological
order.
FIG. 9 is a schematic illustrating results of comparisons between actual measurements of and catalog specifications
of quantum yields.
FIG. 10 is a schematic for explaining a method for calculating the number of emitted photons.
FIG. 11 is a schematic illustrating a fluorescence fading curve of a fluorescent substance AF647 excited at an
excitation power density of 1.104 [W/cm2].
FIG. 12 is a schematic illustrating captured image information applied with a fluorescence fading correction, and
represented in a 16-[bit] gradation.
FIG. 13 is a schematic illustrating image information generated by converting the luminance of each pixel into the
number of fluorescent molecules, and represented in a 10-[bit] gradation.
FIG. 14 is a schematic illustrating image information generated by converting the luminance of each pixel into the
number of antibodies, and represented in an 8-[bit] gradation.
FIG. 15 is a schematic illustrating actual measurements of the number of photons per one molecule, an image
compression ratio representing the number of fluorescent molecules, a fluorescent labeling ratio, and an image
compression ratio representing the number of antibodies, all of which are actually measured for each of the fluorescent
substances.
FIG. 16 is a log-log graph illustrating a relation between an excitation power density at which an excitation ray is
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emitted, and a fluorescence intensity of the fluorescence caused by the emission of the excitation ray.
FIG. 17 is a schematic for explaining a method for calculating a saturation fluorescence intensity.
FIG. 18 is a block diagram illustrating an exemplary hardware configuration of an information processing apparatus
100.
FIG. 19 is a schematic for explaining a method for deriving a ratio (Equation 14) of the range detectable through
the objective lens, with respect to the full range about the radiant point 42 of the fluorescence.

Description of Embodiments

[0014] A preferred embodiment according to the present disclosure will now be explained in detail with reference to
the appended drawings. In the specification and the drawings, the elements having substantially the same functional
configurations will be given the same reference signs, and redundant explanations thereof will be omitted.
[0015] The explanation will be provided in the following order.

1. Overview
2. Exemplary Configuration
3. Example of Sequence of Process
4. Embodiment
5. Correction Related to Fluorescence Saturation
6. Exemplary Hardware Configuration
7. Remarks
8. Summary

<1. Overview>

[0016] An overview of the present disclosure will now be provided.
[0017] As described earlier, it has been known that, when a fluorescent substance is irradiated with an excitation ray,
the fluorescence intensity of the fluorescent substance drops (that is, that fluorescence fading occurs, or the apparent
quantum yield drops) depending on the intensity of the excitation ray and the passage of the irradiation time. In the
technology disclosed in Patent Literature 1, the effect of fluorescence fading of the fluorescent substance has not been
appropriately taken into consideration. The rapidness at which the fluorescence fading of the fluorescent substance
takes place differs greatly depending on the fluorescent substance, and there are some fluorescent substances that
keep emitting fluorescence for a long time, and there are others having fluorescence that fades instantaneously, even
if the excitation ray at the same intensity is used. Because of this difference, it has been sometimes impossible for an
observer to evaluate information corresponding to fluorescent molecules (e.g., the number of fluorescent molecules or
the number of antibodies bounded to fluorescent molecules). In particular, when an observer compares the number of
fluorescent molecules among a plurality of fluorescent substances, quantitative comparisons have been sometimes
difficult.
[0018] In consideration of the above, the inventor of the present disclosure has come to create a technology according
to the present disclosure. An information processing apparatus 100 according to the present disclosure acquires captured
image information of a sample dyed with a fluorescent dye reagent, acquires information related to the fluorescent dye
reagent, and corrects the luminance of the captured image information using a fluorescence fading coefficient repre-
senting the rapidness at which the fluorescence intensity of the fluorescent dye reagent drops, the fluorescence fading
coefficient being included in the information related to the fluorescent dye reagent. The information processing apparatus
100 can then calculate information corresponding to the fluorescent molecules (e.g., the number of fluorescent molecules
or the number of antibodies bonded to fluorescent molecules), in the captured image information, using the corrected
luminance, and output image information reflected with the information. The "information related to the fluorescent dye
reagent" (hereinafter, referred to as "reagent information", for the purpose of convenience) may include, in addition to
the fluorescence fading coefficient, a quantum yield, an absorption cross section (or a molar absorbance coefficient),
and a fluorescent labeling ratio that are related to the fluorescent dye reagent. However, the information included in the
reagent information is not limited thereto.
[0019] In other words, by converting the luminance of the captured image information into the number of fluorescent
molecules, for example, the information processing apparatus 100 can output the image information reflected with the
number of fluorescent molecules. With this, the information processing apparatus 100 can implement a quantitative
evaluation without the dependency on the measurement conditions or the characteristics of the fluorescent substances.
For example, even if the type of the fluorescent substance to be used (fluorescence labeling type) is changed, the
information processing apparatus 100 can output substantially the same number of fluorescent molecules even before
and after the fluorescent substance is changed. Furthermore, the information processing apparatus 100 can compare
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the number of fluorescent molecules (or the number of antibodies bonded to fluorescent molecules) among a plurality
of fluorescent substances, more appropriately.
[0020] Furthermore, in a measurement of the number of fluorescent molecules, fluorescent dye samples may be
irradiated with an excitation ray at a higher intensity so that a higher fluorescence signal is generated. In such a case,
because, when the intensity of the excitation ray becomes higher, the speed of the fluorescence fading, too, becomes
higher, fluorescence fading may start to take place before the image is captured, and it might not be possible to acquire
appropriate captured image information. By contrast, because the information processing apparatus 100 can correct
the luminance of the captured image information using a fluorescence fading coefficient (hereinafter, "the correction of
the luminance of the captured image information, performed using a fluorescence fading coefficient" will be referred to
as a "fluorescence fading correction"), even when a high-intensity excitation ray is to be used, it is possible to acquire
appropriate captured image information. In other words, by performing the fluorescence fading correction, the information
processing apparatus 100 can acquire captured image information in a shorter time period by increasing the intensity
of the excitation ray.
[0021] Furthermore, as mentioned earlier, because the information processing apparatus 100 can output image in-
formation based on the number of fluorescent molecules (or the number of antibodies bonded to fluorescent molecules),
it is possible to adjust the gradation of the image information depending on the number of fluorescent molecules, for
example. In this manner, the information processing apparatus 100 can optimize the quality and the amount of data of
the image information (or can bring the quality and the amount of data closer to the optimal). While the fluorescence
intensity of the fluorescent substance or the luminance of the captured image information is a continuous value, the
number of fluorescent molecules or the number of antibodies is a discrete value. Therefore, the information processing
apparatus 100 can reduce the amount of data by outputting the image information based on the number of fluorescent
molecules or the number of antibodies.
[0022] In the embodiment according to the present disclosure, it is assumed that the fluorescence fading coefficient
is measured separately using different samples from those used in the measurement of the number of fluorescent
molecules (or the number of antibodies bonded to fluorescent molecules). For example, when the measurement of the
number of fluorescent molecules or the like and the measurement of the fluorescence fading coefficient are to be
performed at once, a measurement environment at a high-time resolution is required (particularly for a fluorescent
substance in which fluorescence fading takes place quickly). By contrast, when the fluorescence fading coefficient is to
be measured separately, as is in the embodiment according to the present disclosure, by irradiating a high-concentration
fluorescent substance with a low-intensity excitation ray, it becomes possible to measure a more precise fluorescence
fading coefficient even in a measurement environment where the time resolution is relatively low. Because the signal-
noise (SN) ratio is improved more when the luminance of the captured image information is higher, the fluorescence
fading coefficient is calculated more accurately.
[0023] Furthermore, when measurements of the number of fluorescent molecules or the like and of the fluorescence
fading coefficient are performed at once, sometimes the luminance of the captured image information becomes insuffi-
cient, and it sometimes becomes impossible to calculate a fluorescence fading coefficient appropriately. By contrast,
when the fluorescence fading coefficient is calculated separately, as in the embodiment according to the present dis-
closure, the fluorescence fading coefficient can be calculated more reliably.
[0024] Furthermore, when the measurement of the number of fluorescent molecules or the like and the measurement
of the fluorescence fading coefficient are performed at once, there is a possibility that the luminance originating from a
substance other than the fluorescent dye reagent, e.g., that originating from autofluorescence of tissues or cells, might
be acquired simultaneously with the luminance of the target luminance. As a result, the accuracy of the fluorescence
fading coefficient calculation may drop, and it might become necessary to correct the luminance of the captured image
information. By contrast, when the fluorescence fading coefficient is measured separately, as in the embodiment ac-
cording to the present disclosure, because it is possible to acquire the luminance only corresponding to the fluorescence
emitted from the target fluorescent substance, it is possible to calculate the fluorescence fading coefficient more accu-
rately.
[0025] This approach for measuring the fluorescence fading coefficient and the number of fluorescent molecules or
the like separately is merely one example. In other words, the fluorescence fading coefficient and the number of fluorescent
molecules or the like may also be measured at once.

<2. Exemplary Configuration>

[0026] The overview of the present disclosure has been explained above. An exemplary configuration of an information
processing system according to one embodiment of the present disclosure will now be explained with reference to FIG. 1.
[0027] As illustrated in FIG. 1, the information processing system according to the embodiment includes the information
processing apparatus 100 and a database 200, and there are a fluorescent dye reagent 10, a sample 20, and a fluorescent
dye sample 30, as the inputs to the information processing system.
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(Fluorescent Dye Reagent 10)

[0028] The fluorescent dye reagent 10 is a chemical that is used to dye the sample 20. Examples of the fluorescent
dye reagent 10 include a fluorescent antibody, a fluorescent probe, and a nuclear staining reagent, but the type of the
fluorescent dye reagent 10 is not limited to any particular type. Furthermore, the fluorescent dye reagent 10 is managed
in a manner appended with identification information (hereinafter, referred to as "reagent identification information 11")
capable of identifying the fluorescent dye reagent 10 (and the production lot of the fluorescent dye reagent 10). The
reagent identification information 11 is barcode information (such as one-dimensional barcode information or two-di-
mensional barcode information), for example, but is not limited to the barcode information. Even if the fluorescent dye
reagent 10 is the same product (the same type), the characteristics of the fluorescent dye reagent 10 become different
among the production lots, depending on the manufacturing method or the cells from which the antibodies are acquired.
For example, the fluorescent dye reagent 10 has a different fluorescence fading coefficient or fluorescent labeling ratio
(also referred to as a "fluorescein/protein (F/P) value", which represents the number of fluorescent molecules for labeling
antibodies). Therefore, in the information processing system according to the embodiment, the fluorescent dye reagent
10 is managed by production lot, by assigning the reagent identification information 11 (in other words, the reagent
information of the fluorescent dye reagent 10 is managed by production lot). In this manner, the information processing
apparatus 100 can perform various processes by taking a slight difference in the characteristics unique to the production
lot into consideration. This management of the fluorescent dye reagent 10 by production lot is merely one example, and
the fluorescent dye reagent 10 may be managed in a unit smaller than a production lot.

(Sample 20)

[0029] The sample 20 is fabricated from specimens or tissue samples that are derived from human bodies, for a
purpose such as a pathological diagnosis. In relation to the sample 20, the type of bodily tissues to be used (such as
an organ), the type of the target disease, the attribute of the subject (e.g., age, sex, blood type, or race), or the lifestyle
habit of the subject (e.g., diet, exercise habit, or smoking habit) are not limited to any particular ones. Because the
sample 20 exhibits different characteristics depending on the type of bodily tissues to be used, the type of the target
disease, the attribute of the subject, the lifestyle habit of the subject, and the like, the sample 20 may be managed in a
manner appended with identification information capable of identifying each sample 20.

(Fluorescent Dye Sample 30)

[0030] The fluorescent dye sample 30 is made by dying the sample 20 with the fluorescent dye reagent 10. In this
embodiment, it is assumed that the fluorescent dye sample 30 is achieved by dying the sample 20 using at least one
fluorescent dye reagent 10, but the number of fluorescent dye reagents 10 to be used in dying are not limited to any
particular number. Furthermore, the dying method is determined based on a combination of the sample 20 and the
fluorescent dye reagent 10, for example, and is not limited to any particular method. The fluorescent dye sample 30 is
input to, and has their image captured by the information processing apparatus 100.

(Information Processing Apparatus 100)

[0031] The information processing apparatus 100 includes, as illustrated in FIG. 1, an acquiring unit 110, a storage
unit 120, a processing unit 130, a display unit 140, a control unit 150, and an operation unit 160.

(Acquiring Unit 110)

[0032] The acquiring unit 110 is a configuration for acquiring information used in various processes performed by the
information processing apparatus 100. As illustrated in FIG. 1, the acquiring unit 110 includes an information acquiring
unit 111 and an image acquiring unit 112.

(Information Acquiring Unit 111)

[0033] The information acquiring unit 111 is a configuration for acquiring various types of information such as the
reagent information. More specifically, the information acquiring unit 111 acquires the reagent identification information
11 appended to the fluorescent dye reagent 10 used in creating the fluorescent dye sample 30. For example, the
information acquiring unit 111 acquires the reagent identification information 11 using a barcode reader, for example.
The information acquiring unit 111 acquires the reagent information from the database 200, based on the reagent
identification information 11. The information acquiring unit 111 also acquires an actual measurement of the excitation
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power density that is measured separately (a subject for measuring the excitation power density is not limited to any
particular subject). The information acquired by the information acquiring unit 111 is not limited thereto. The information
acquiring unit 111 stores these pieces of acquired information in a information storage unit 121, which will be described
later.

(Image Acquiring Unit 112)

[0034] The image acquiring unit 112 is a configuration that acquires captured image information of the fluorescent dye
sample 30 (the sample 20 dyed with the fluorescent dye reagent 10). More specifically, the image acquiring unit 112 is
provided with an imaging device (e.g., a charge-coupled device (CCD) or a complementary metal oxide semiconductor
(CMOS)), and acquires captured image information by capturing an image of the fluorescent dye sample 30 using the
imaging device. The "captured image information" is a concept that includes not only the captured image of the fluorescent
dye sample 30 itself but also a measurement and the like that are not visualized as an image (e.g., a measurement of
the luminance). The image acquiring unit 112 stores the captured image information in an image information storage
unit 122, which will be described later.

(Storage Unit 120)

[0035] The storage unit 120 is a configuration that stores therein information (keeping the information in a memory)
used in various processes performed by the information processing apparatus 100, and information output from the
various processes. As illustrated in FIG. 1, the storage unit 120 includes an information storage unit 121 and an image
information storage unit 122.

(Information Storage Unit 121)

[0036] The information storage unit 121 is a configuration that stores therein various types of information such as the
reagent information acquired by the information acquiring unit 111 (e.g., the fluorescence fading coefficient, the absorption
cross section (or the molar absorbance coefficient), the quantum yield, and the fluorescent labeling ratio, as mentioned
earlier). After processes such as a fluorescence fading correcting process performed by the correcting unit 131, a process
of calculating the number of fluorescent molecules (or the number of antibodies bonded to fluorescent molecules)
performed by the calculating unit 132, or an image generating process performed by an image generating unit 133,
which are to be described later, the information storage unit 121 may delete these pieces of information used in these
process so that the available capacity is increased.

(Image Information Storage Unit 122)

[0037] The image information storage unit 122 is a configuration that stores therein captured image information of the
fluorescent dye sample 30 (keeping the information in a memory) acquired by the image acquiring unit 112. In the same
manner as the information storage unit 121, after processes such as the fluorescence fading correcting process performed
by the correcting unit 131, the process of calculating the number of fluorescent molecules (or the number of antibodies
bonded to fluorescent molecules) performed by the calculating unit 132, or the image generating process performed by
the image generating unit 133, the image information storage unit 122 may delete the captured image information used
in the processes so that the available capacity is increased.

(Processing Unit 130)

[0038] The processing unit 130 is a functional configuration that performs various processes using the information
such as the captured image information, the reagent information (e.g., the fluorescence fading coefficient, the absorption
cross section (or the molar absorbance coefficient), the quantum yield, and the fluorescent labeling ratio, as mentioned
earlier), and the excitation power density. As illustrated in FIG. 1, the processing unit 130 includes a correcting unit 131,
a calculating unit 132, and an image generating unit 133.

(Correcting Unit 131)

[0039] The correcting unit 131 is a configuration that performs a fluorescence fading correcting process to the captured
image information. More specifically, the correcting unit 131 corrects the luminance of the captured image information
to that before fluorescence fading has taken place, using the fluorescence fading coefficient, the absorption cross section,
the excitation power density, and the like. The fluorescence fading correcting process performed by the correcting unit
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131 will be explained in detail in a later section.

(Calculating Unit 132)

[0040] The calculating unit 132 is a configuration that calculates information corresponding to the fluorescent molecules
(such as the number of fluorescent molecules or the number of antibodies) in the captured image information, using the
luminance of the captured image information, the luminance being corrected by the correcting unit 131. More specifically,
the calculating unit 132 converts the luminance of each of the corrected pixels into the number of fluorescent molecules
or the number of antibodies, using the absorption cross section, the quantum yield, the fluorescent labeling ratio, and
the excitation power density, for example. The process of calculating the number of fluorescent molecules or the number
of antibodies, performed by the calculating unit 132, will be explained in detail in a later section.
[0041] In this embodiment, it is assumed that calculations of the fluorescence fading coefficient, the quantum yield,
and the like of the fluorescent substance is performed separately from the calculation of the number of fluorescent
molecules or the like (of course, without limitation thereto). At that time, the calculating unit 132 can implement the
process of calculating the fluorescence fading coefficient, the quantum yield, and the like.

(Image Generating Unit 133)

[0042] The image generating unit 133 is a configuration that generates image information based on the information
corresponding to the fluorescent molecules (such as the number of fluorescent molecules or the number of antibodies),
calculated by the calculating unit 132. The "image information" is a concept that includes not only the image itself but
also numbers or the like not visualized as an image (such as the number of fluorescent molecules or the number of
antibodies), in the same manner as in the captured image information explained above. The process of generating the
image information performed by the image generating unit 133 will be explained in detail in a later section.

(Display Unit 140)

[0043] The display unit 140 is a configuration that presents the image information generated by the image generating
unit 133 (the image information generated based on the information corresponding to the fluorescent molecules) to the
user, by displaying the image information on a display. The type of the display used as the display unit 140 is not limited
to any particular type. Although no detailed explanation is provided in this embodiment, the image information generated
by the image generating unit 133 may be presented to the user by projecting the image information with a projector, or
by printing the image information with a printer (in other words, the way in which the image information is output is not
limited to any particular way).

(Control Unit 150)

[0044] The control unit 150 is a configuration that controls the entire processes performed by the information processing
apparatus 100 comprehensively. For example, the control unit 150 controls to start and to end various processes such
as those explained above (e.g., the process of capturing an image of the fluorescent dye sample 30, the process of
correcting the fluorescence fading, the process of calculating the number of fluorescent molecules (or the number of
antibodies bonded to fluorescent molecules), the process of generating the image information, and the process of
displaying the image information), based on an operation input performed by a user via the operation unit 160. The
control performed by the control unit 150 is not limited to that of the processes described above. For example, the control
unit 150 may also control processes that are generally performed in a general-purpose computer, a personal computers
(PC), or a tablet PC (e.g., processes related to an operating system (OS)).

(Operation Unit 160)

[0045] The operation unit 160 is a configuration that receives operation inputs from a user. More specifically, the
operation unit 160 includes various input units such as a keyboard, a mouse, a button, a touch panel, or a microphone,
and the user can enter various inputs to the information processing apparatus 100 by making operations on these input
units. The information related to the operation inputs performed via the operation unit 160 is provided to the control unit 150.

(Database 200)

[0046] The database 200 is a device that manages information related to the fluorescent dye reagent 10, e.g., the
fluorescence fading coefficient, the absorption cross section (or the molar absorbance coefficient), the quantum yield,
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and the fluorescent labeling ratio. To explain more specifically, the database 200 manages the reagent identification
information 11 in a manner associated with information such as the fluorescence fading coefficient, the absorption cross
section (or the molar absorbance coefficient), the quantum yield, and the fluorescent labeling ratio. With this association,
the information acquiring unit 111 can acquire these pieces of information from the database 200, based on the reagent
identification information 11 of the fluorescent dye reagent 10. The database 200 may also manage various types of
information related to the sample 20, using identification information capable of identifying the sample 20. Furthermore,
the database 200 may also manage other information including an actual measurement of the excitation power density,
for example.
[0047] An exemplary configuration of the information processing system according to the embodiment has been
explained above. The configuration explained above with reference to FIG. 1 is merely one example, and the information
processing system according to the embodiment is not limited to the example described above. For example, it is not
necessarily needed for the information processing apparatus 100 to be provided with all of the configurations illustrated
in FIG. 1. The configuration of the information processing apparatus 100 may be modified flexibly depending on the
specifications or on the operation.

<3. Example of Sequence of Process>

[0048] An exemplary configuration of the information processing system according to the embodiment has been
explained above. An example of the sequence of a process performed in the information processing system according
to the embodiment will now be explained.

(3.1. Example of Entire Sequence of Process of Calculating Number of Fluorescent Molecules)

[0049] An example of the entire sequence of a process of calculating the number of fluorescent molecules (or the
number of antibodies bonded to fluorescent molecules) will now be explained with reference to FIG. 2.
[0050] At Step S1000, a user determines the fluorescent dye reagent 10 and the sample 20 to be used in an analysis.
At Step S1004, the user then prepares the fluorescent dye sample 30 by dying the sample 20 using the fluorescent dye
reagent 10.
[0051] At Step S1008, the image acquiring unit 112 in the information processing apparatus 100 acquires captured
image information by capturing an image of the fluorescent dye sample 30. At Step S1012, the information acquiring
unit 111 acquires the reagent information such as the fluorescence fading coefficient, the absorption cross section, the
quantum yield, and the fluorescent labeling ratio, from the database 200, based on the reagent identification information
11 appended to the fluorescent dye reagent 10 used in generating the fluorescent dye sample 30. The information
acquiring unit 111 also separately acquires an actual measurement of the excitation power density.
[0052] At Step S1016, the correcting unit 131 corrects the luminance of each pixel in the captured image information,
using the fluorescence fading coefficient, the absorption cross section, the excitation power density, and the like (performs
the fluorescence fading correcting process). At Step S1020, the calculating unit 132 converts the corrected luminance
at each pixel into the number of photons. At Step S1024, the calculating unit 132 converts the number of photons into
the number of fluorescent molecules or the number of antibodies bonded to fluorescent molecules.
[0053] At Step S1028, the image generating unit 133 generates image information reflected with the number of fluo-
rescent molecules or the number of antibodies bonded to fluorescent molecules. At Step S1032, the display unit 140
displays the image information on the display, and the sequence of the processes is ended.

(3.2. Fluorescence Fading Correcting Process)

[0054] The fluorescence fading correcting process at Step S1016 illustrated in FIG. 2 will now be explained in detail.
[0055] Equation 1 indicated below is a type of a model representing the fluorescence fading characteristic of a fluo-
rescent substance. To explain more specifically, Equation 1 indicated below is an equation representing the fluorescence
fading coefficient ϕ of the fluorescent substance, defined as the number of photons absorbed by the fluorescent substance,
or a probability at which the fluorescent substance goes through fluorescence fading per excitation power density.

F: Fluorescence Intensity After Fluorescence Fading
F0: Initial Value (Fluorescence Intensity Before Fluorescence Fading)
Abs photon: Number of Absorbed Photons
(Number of Photons Absorbed by One Fluorescent Dye Molecule per Second)
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φ: Fluorescence Fading Coefficient
t: Exposure Time

[0056] The actual measurement of the fluorescence intensity is expressed by Equation 2 indicated below, as an integral
of Equation 1. The "actual measurement of the fluorescence intensity" means the fluorescence intensity acquired during
the period of exposure, and is equal to the area surrounded by the fluorescence fading curve illustrated in FIG. 3.

[0057] The initial value F0 of the fluorescence intensity is expressed as Equation 3 indicated below, based on Equation
2, and the correcting unit 131 outputs the fluorescence intensity after the fluorescence fading correcting process, as
Equation 4 indicated below, by multiplying the exposure time t to the initial value F0. The fluorescence intensity after the
fluorescence fading correcting process is equal to the area surrounded by a dotted line in FIG. 3.

[0058] Where the number of absorbed photons (Abs photon) is expressed by Equations 5 to 7 indicated below.

h: Planck Constant (6.62607 3 10-34[Js])
c: Light Speed in Vacuum (2.99792458 3 108[m/s])
λ: Wavelength of Electromagnetic Wave in Vacuum
(In This Embodiment, 543 3 10-9 [m] As One Example)

[0059] The excitation power density used in the calculation of the excitation photon density in Equation 6 is actually
measured in this embodiment, and is managed in the database 200. The subject that measures the excitation power
density is not limited to any particular subject. In this embodiment as an example, the calculating unit 132 collects the
actual measurement of the excitation power density. For example, by providing an aperture on the light path of the
illumination light source, and by emitting an excitation ray with a small aperture opening, the calculating unit 132 can
measure the power of the excitation ray with which a specific area is irradiated. The calculating unit 132 can measure
the irradiated area, by analyzing captured image information with the aperture provided.
[0060] The method for measuring the irradiated area is not limited to any particular method. For example, the calculating
unit 132 may analyze captured image information of an observation target sample being irradiated with an excitation
ray (because the purpose is to measure the irradiated area, the observation target sample may be a sample containing
only the mounting medium), using some image processing software, count the number of pixels irradiated with the
excitation ray, and measure the irradiated area based on the number of pixels.
[0061] For example, it is assumed that the number of pixels within the area irradiated with the excitation ray is 354221
pixels. Supposing that one side of the pixel of an imaging device (such as a CMOS) is 3.45 [mm], and that the magnification
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power of the objective lens of the fluorescence microscope is 20 [times], one side of the square corresponding to one
pixel on the surface of the observation target sample is expressed in Equation 8 indicated below, and the irradiated area
is expressed as Equation 9 indicated below.

[0062] When the energy emitted from the light source of the fluorescence microscope is measured to be 0.551 [mW]
using a power meter, the excitation power density is expressed as Equation 10 indicated below based on the energy
and the irradiated area. By calculating the excitation power density in the manner described above, the calculating unit
132 can calculate the excitation photon density in Equation 5 above.

[0063] The absorption cross section in Equation 5 above indicates the easiness at which a photon is absorbed per
fluorescent dye molecule, and is expressed as Equation 11 indicated below, using the molar absorbance coefficient ε
[L/mol/cm]. In Equation 11, 1960000 [L/mol/cm] is used as the molar absorbance coefficient ε that is a molar absorbance
coefficient of phycoerythrin (PE), which is one kind of fluorescent substance, and the multiplication for 1 [L] = 1000 [cm3]
is performed to convert [L] to [cm3] to adjust to the unit of the excitation photon density. The division by 1 [mol] = 6.02
3 1023 [molecules] is performed to convert into a value per fluorescent molecule. Because the absorbance is a log, 2.3
is multiplied to convert the log into Ln (ln(x) ≈ 2.30 log10 (x)). As described earlier, it is assumed that the absorption cross
section is managed in the database 200 for each of the fluorescent dye reagents 10 (but the absorption cross section
is not limited thereto, and the calculating unit 132 may calculate the absorption cross section every time the measurement
is made).

[0064] The calculating unit 132 calculates the number of absorbed photons Abs photon by solving Equation 5 and
Equation 6 above, using the values acquired as a result of the calculations above.

[0065] Because the calculating unit 132 can calculate the number of absorbed photons (Abs photon) through the
process described above, the fluorescence fading correcting process can be implemented by solving Equation 3 and
Equation 4 indicated above, using the number of absorbed photons (Abs photon), the fluorescence fading coefficient,
and the exposure time.
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(3.3. Process of Converting Luminance into Number of Photons)

[0066] A process of converting the luminance at each pixel into the number of photons, performed at Step S1020 in
FIG. 2, will now be explained in detail.
[0067] The image acquiring unit 112 captures an image of a sample injected only with the mounting medium, as well
as an image of the fluorescent dye sample 30, using an imaging device (e.g., a CMOS). The calculating unit 132 can
then cancel the background noise attributable to the measurement system by subtracting the measurement result of the
sample injected only with the mounting medium from the measurement result of the fluorescent dye sample 30, the
measurement result having been applied with the fluorescence fading correcting process.
[0068] The calculating unit 132 can calculate the luminance at each pixel in the captured image information applied
with the fluorescence fading correcting process, using some image processing software. Denoting one pixel as a pixel
A, the calculating unit 132 calculates the number of electrons at the pixel A, using Equation 12 indicated below. It is
assumed that the gradation of the captured image information is 16 [bits] (in other words, the luminance takes a value
between 0 and 65536). In Equation 12, the luminance of the pixel A in the captured image information of the fluorescent
dye sample 30, having been applied with the fluorescence fading correcting process, is indicated as "luminance 1", and
the luminance of the pixel A in the captured image information of the sample injected only with the mounting medium is
indicated as "luminance 2".

[0069] The calculating unit 132 can calculate the number of photons at the pixel A by dividing the number of electrons
at the pixel A by the quantum yield of the imaging device (e.g., a CMOS), as indicated in Equation 13 below.

[0070] While the luminance of the captured image information is a value related to the fluorescence detected through
the objective lens of the fluorescence microscope, the fluorescent substance emits the fluorescence in the full range.
As illustrated in FIG. 4, let us now consider an example in which a range 40 where the fluorescence is detectable through
the objective lens is established as a conical part of a sphere that has the radiant point 42 of the fluorescence as its
center, and a half apex angle of the cone is denoted as θ. The numerical aperture NA of the objective lens in the air is
expressed as NA = sinθ. The ratio of the range 40 where fluorescence is detectable through the objective lens with
respect to the full range about the radiant point 42 of the fluorescence is expressed as Equation 14 indicated below,
using the numerical aperture NA of the objective lens. The full-range conversion of the number of photons detected at
the pixel A is expressed as Equation 15 indicated below. The way in which Equation 14 is derived will be explained in
detail in a later section.

[0071] The calculating unit 132 converts the fluorescence intensity at each pixel into the number of photons by per-
forming the process described above for all of the pixels including the pixel A.
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(3.4. Process of Converting Number of Photons into Number of Fluorescent Molecules or Number of Antibodies)

[0072] A process of converting the number of photons per pixel into the number of fluorescent molecules or the number
of antibodies, performed at Step S1024 in FIG. 2, will now be explained in detail. To begin with, a process of converting
the number of photons into the number of fluorescent molecules will be explained.
[0073] When the process of capturing an image of the fluorescent dye sample 30 is performed by an imaging device
(e.g., a CMOS), the number of fluorescent molecules at a pixel A is expressed as Equation 16 and Equation 17 indicated
below.

[0074] The calculating unit 132 calculates the number of emitted photons per molecule by inputting the Abs photon
calculated in Equation 5, and the quantum yield of the fluorescent substance acquired from the database 200 to Equation
17. The calculating unit 132 then calculates the number of fluorescent molecules detected at the pixel A by inputting the
number of photons detected at the pixel A (full-range conversion) calculated in Equation 15, and the number of emitted
photons per molecule to Equation 16. The calculating unit 132 can convert the number of photons at each pixel into the
number of fluorescent molecules, by performing the process described above for all of the pixels including the pixel A.
[0075] The calculating unit 132 can also convert the number of fluorescent molecules detected at the pixel A into the
number of antibodies by performing the operation indicated in Equation 18 below, using fluorescent labeling ratio of the
fluorescent substance, acquired from the database 200. The calculating unit 132 can calculate the number of antibodies
per pixel by performing the operation indicated in Equation 18 to all of the pixels including the pixel A.

(3.5. Process of Generating Image Information)

[0076] The process of generating the image information reflected with the number of fluorescent molecules or the
number of antibodies bonded to fluorescent molecules, performed at Step S1028 in FIG. 2, will now be explained.
[0077] Let us now assume that the calculating unit 132 has calculated the number of fluorescent molecules for all of
the pixels, and the maximum number is M [molecules]. At this time, when the number of fluorescent molecules detected
at a particular pixel is N [molecules], the image generating unit 133 calculates the luminance of the pixel as Equation
19 indicated below (the gradation of the image information is established as 16 [bits], as an example).

[0078] The image generating unit 133 generates the image information by performing the operation of Equation 19
for all of the pixels. In this manner, even when a plurality of fluorescent substances are used in dying, a user can compare
the number of fluorescent molecules corresponding to the respective fluorescent substances by causing the image
generating unit 133 to generate the image information reflected with the number of fluorescent molecules for each of
the fluorescent substances by setting the maximum number of fluorescent molecules corresponding to the fluorescent
substance as M [molecules].

(3.6. Example of Sequence of Process of Measuring Fading Coefficient)

[0079] As described earlier, in this embodiment, the measurement of the fluorescence fading coefficient is performed
separately from the measurement of the number of fluorescent molecules or the like, and it is assumed that, when the
measurement of the number of fluorescent molecules or the like is performed, the fluorescence fading coefficient of the
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fluorescent substance is acquired from the database 200 at Step S1012 in FIG. 2. This process of measuring the
fluorescence fading coefficient will now be explained in detail with reference to FIG. 5. FIG. 5 illustrates a flowchart of
the process of measuring the fluorescence fading coefficient by acquiring the captured image information of the fluo-
rescent substance PE by mounting the imaging device (e.g., a CMOS) on an external port of the fluorescence microscope,
and using the captured image information, as an example. The functional configuration for performing the measurement
of the fluorescence fading coefficient is not limited to any particular configuration, but in the explanation hereunder, it is
assumed that the calculating unit 132 of the information processing apparatus 100 performs the fluorescence fading
coefficient measurement.
[0080] At Step S1100, a user mixes the fluorescent dye reagent 10 with the mounting medium, and injects the mixture
into a chamber slide. The chamber slide is manufactured in such a manner that the gap between the slide glass and
the cover glass remains constant, in advance (explained in this embodiment is an example in which used is a chamber
slide having a gap of 10 [mm] between the slide glass and the cover glass), and, by using the chamber slide, the user
can measure the fluorescence fading coefficient under the same condition every time the measurement is made. However,
it is not necessarily needed to use a chamber slide, and the user may use a separate slide appropriately.
[0081] Furthermore, because the movement of the fluorescent substance is suppressed with the use of the mounting
medium, it is possible to prevent entry of another fluorescent substance into the area where the image is captured, at
the time at which the image is captured, or prevent a fluorescent substance having been present in the area where the
image is captured from going out of the area where the image is captured. In this manner, more accurate calculation of
the fluorescence fading coefficient can be achieved.
[0082] At Step S1104, the image acquiring unit 112 captures an image of the mixture of the fluorescent dye reagent
10 and the mounting medium at a given interval (e.g., t-second interval) from when the excitation ray is emitted, using
the imaging device (e.g., a CMOS) mounted on the external port of the fluorescence microscope. FIG. 6A illustrates
captured image information immediately after the excitation ray is emitted, the captured image information being gen-
erated by the image capturing process at Step S1104. FIG. 6B illustrates the measurement results (histogram) achieved
by a piece of image processing software that measures the luminance of a region 50 (a region where fluorescence is
observed) including a plurality of pixels of the captured image information.
[0083] At Step S1108, the calculating unit 132 calculates the mean luminance of a plurality of pixels of the captured
image information. At this time, because there are chances that the autofluorescence or the like unique to the chamber
slide may be introduced, the user also prepares a chamber slide injected only with the mounting medium (without injecting
the fluorescent dye reagent 10), and the image acquiring unit 112 is caused to capture the image of the chamber slide
under the same conditions as those described above (it is suffice if an image of the chamber slide injected only with the
mounting medium is captured only once, because the image is used for subtracting the background including the autoflu-
orescence or the like). FIG. 7A illustrates captured image information of the chamber slide injected only with the mounting
medium, immediately after the excitation ray is emitted. Furthermore, FIG. 7B illustrates the measurement results (his-
togram) achieved by a piece of image processing software that measures the luminance of a region 51 (assumingly a
region substantially the same as the region 50) including a plurality of pixels of the captured image information. The
calculating unit 132 then uses "Mean" in FIGS. 6B and 7B, as the mean luminance in the region 50 and the region 51,
as indicated in Equation 20 below, for example, and the value (10856.878) resultant of subtracting the mean luminance
of the region 51 (117.512) from the mean luminance of the region 50 (10974.390) is used as the mean luminance
immediately after the excitation ray is emitted.

[0084] At Step S1112, the calculating unit 132 then plots the mean luminance calculated in the manner described
above in the chronological order. FIG. 8 illustrates the results of plotting the mean luminance measured at a 10 second-
interval, until 300 seconds elapse from immediately after the excitation ray is emitted.
[0085] At Step S1116, the calculating unit 132 calculates an approximate line representing the mean luminance plotted
in the chronological order. In the example of FIG. 8, the calculating unit 132 calculates the approximate line expressed
as Equation 21 indicated below. The approximate line calculation method is not limited to any particular method, and
the calculating unit 132 may use any method.

[0086] As described earlier, the fluorescence fading characteristic of the fluorescent substance is expressed as Equa-
tion 1 indicated above. Through a comparison of Equation 1 and Equation 21, it can be understood that "-(Abs photon)
3 ϕ" in Equation 1 is expressed as Equation 22, and therefore, the calculating unit 132 can calculate the fluorescence
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fading coefficient ϕ as indicated in Equation 23, by solving Equation 22 for the fluorescence fading coefficient ϕ. In other
words, Equation 23 represents that the fluorescent substance having absorbed one photon, and having transited to the
excited state does not go back to the ground state (the fluorescence goes through fluorescence fading) at a probability
of 1.46 [%]. At this time, the calculating unit 132 calculates the fluorescence fading coefficient ϕ as indicated by Equation
24, by inputting the number of absorbed photons Abs photon calculated by the same operation as that indicated in
Equation 5 to Equation 23.

(3.7. Example of Sequence of Process of Measuring Quantum Yield)

[0087] In this embodiment, it is assumed that the quantum yield is measured separately from the measurement of the
number of fluorescent molecules or the like, in the same manner as for the fluorescence fading coefficient, and that,
when the number of fluorescent molecules or the like is to be measured, the quantum yield of the fluorescent substance
is acquired from the database 200 at Step S1012 in FIG. 2. (However, the embodiment is not limited thereto, and the
measurement of the quantum yield and the measurement of the number of fluorescent molecules or the like may be
performed at once).
[0088] Because the quantum yield of the fluorescent substance is greatly affected by the environment where the
fluorescent substance is present (in particular, by the solvent), as generally published by a catalog specification, it is
preferable to use an actual measurement calculated in the solvent environment that is the same as that for the fluorescent
dye sample 30. For example, one example of results of comparisons between the actual measurement of a quantum
yield calculated in a solvent environment that is the same as that for the fluorescent dye sample 30, and the quantum
yield according to a catalog specification is illustrated in FIG. 9.
[0089] The functional configuration for performing the quantum yield calculation is not limited to any particular config-
uration, but in the explanation below, it is assumed that the calculating unit 132 of the information processing apparatus
100 performs the quantum yield calculation.
[0090] The quantum yield of the fluorescent substance is calculated by Equation 25 indicated below. Abs photon
(absorbed photons) can be calculated by the same operation as that indicated by Equation 5.

[0091] The method for calculating the number of emitted photons will now be explained. As illustrated in FIG. 10, a
cuboid having a thickness of 1 [mm] and having a sample surface corresponding to one pixel of the imaging device (e.g.,
a CMOS) as the bottom surface is defined as one [voxel]. Assuming that one [pixel] of the imaging device has a size of
3.45 [mm] 3 3.45 [mm], and the total magnification of the objective lens is 14 [times], the size of the bottom surface on
the sample surface corresponding to one [pixel] can be approximated as 0.246 [mm] 3 0.246 [mm]. Therefore, the volume
of one [voxel] is expressed as 0.246 [mm] 3 0.246 [mm] 3 1 [mm].
[0092] Because the volume of one [voxel] can be calculated in the manner described above, the calculating unit 132
can calculate the number of fluorescent molecules that are present in one [voxel], using the actual measurement of the
sample concentration. The sample concentration is calculated with the absorbance and the absorbance coefficient at
the excitation wavelength, as indicated in Equation 26 below. It is assumed herein that the number of fluorescent
molecules that are present in one [voxel] is N [molecules/voxel].
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[0093] The image acquiring unit 112 captures an image of the sample injected only with the mounting medium, in
addition to that of the fluorescent substance, using an imaging device (e.g., a CMOS). The calculating unit 132 can
cancel the background noise attributable to the measurement system by subtracting the measurement result for the
sample injected only with the mounting medium, from the measurement result for the sample of the fluorescent substance.
[0094] The calculating unit 132 can calculate the mean luminance per one [pixel] of the captured image information,
using some image processing software, and calculate the number of electrons per one [pixel] using Equation 27 indicated
below. By using the mean luminance per one [pixel], it is possible to cancel out the unevenness of the dye solution, the
measurement errors, and the like. It is assumed that the gradation of the captured image information is 16 [bits] (in other
words, luminance takes a value between 0 and 65536). In Equation 27, the mean luminance of the captured image
information of the sample of the fluorescent substance is denoted as "mean luminance 1", and the mean luminance of
the captured image information of the sample injected only with the mounting medium is denoted as "mean luminance 2".

[0095] The calculating unit 132 can calculate the number of electrons per one [pixel] by dividing the number of photons
per one [pixel] by the quantum yield of the imaging device (e.g., a CMOS), as indicated in Equation 28 below.

[0096] Furthermore, the calculating unit 132 can calculate the number of emitted photons per one molecule per exci-
tation power density of one [mW/cm2] using Equation 29 indicated below. "1 [mm]" in Equation 29 represents the thickness
of one [voxel], and "N [molecules/voxel]" represents the number of fluorescent molecules [molecules/voxel] that are
present in one [voxel], calculated in the manner described above. The excitation power density is calculated in the same
manner as in Equation 10 above (the unit is [mW/cm2]).

[0097] The luminance of the captured image information is a value related to the fluorescence detected through the
objective lens of the fluorescence microscope, and the fluorescence emitted from the fluorescent substance is emitted
in the full range. Therefore, the calculating unit 132 calculates a full-range conversion of the number of emitted photons
as indicated in Equation 30 below, in the same manner as in Equation 15 indicated above.

[0098] The calculating unit 132 can calculate the quantum yield of the fluorescent substance, by inputting Abs photon
calculated with the same operation as Equation 5 above, and the number of emitted photons (full-range conversion)
calculated with Equation 30 above, to Equation 25 described above.
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<4. Embodiment>

[0099] An example of the sequence of a process performed by the information processing system according to the
embodiment has been explained above. An embodiment in which the number of fluorescent molecules and the number
of antibodies are calculated using the method described above will now be explained. More specifically, an example in
which estrogen (ER) in breast cancer tissues are dyed with fluorescent substance AF647 (AlexaFluor 647) will now be
explained.
[0100] The calculating unit 132 calculates the absorption cross section by inputting the molar absorbance coefficient
ε of ER 239000 [L/mol/cm] to Equation 11 indicated above, instead of the molar absorbance coefficient ε of PE 1960000
[L/mol/cm] (as described earlier, the calculated absorption cross section is managed in the database 200).

[0101] The calculating unit 132 also calculates the energy of one [photon] using Equation 7 indicated above.

h: Planck Constant (6.62 3 10-34 [Js])
c: Light Speed in Vacuum (3.00 3 108[m/s])
λ: Wavelength of Electromagnetic Wave in Vacuum
(In This Embodiment, 628 3 10-9 [m])

[0102] The calculating unit 132 also calculates the excitation photon density using Equation 6 indicated above. For
the excitation power density, a value actually measured in the embodiment (1.14 [W/cm2]) is used (as described earlier,
the measured excitation power density is managed in the database 200).

[0103] The calculating unit 132 also calculates the number of absorbed photons (Abs photon), using Equation 5
indicated above.

[0104] It is now assumed that the fluorescence fading coefficient is calculated as ϕ = 1.06 3 10-6, with the number of
absorbed photons (Abs photon). The calculating unit 132 then calculates the initial value F0 using Equation 3 indicated
above. It is assumed herein that the exposure time is t = 0.125 [seconds].
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[0105] The calculating unit 132 then calculates the fluorescence intensity after the fluorescence fading correcting
process, using Equation 4 indicated above.

[0106] As indicated in Equation 4, the fluorescence intensity after the fluorescence fading correcting process and the
actual measurement of the fluorescence intensity take the same value. This means that, when the fluorescent substance
AF647 is excited at an excitation power density of 1.104 [W/cm2], the fluorescent substance does not go through
fluorescence fading in the exposure time 0.125 [seconds] almost at all, as illustrated in FIG. 11 (FIG. 11 is a schematic
illustrating a fluorescence fading curve of the fluorescent substance AF647 when the fluorescent substance AF647 is
excited at the excitation power density of 1.104 [W/cm2] ) .
[0107] The calculating unit 132 converts the luminance at each pixel into the number of photons, using the values
calculated in the process described above, and converts the number of photons into the number of fluorescent molecules
and the number of antibodies. More specifically, the calculating unit 132 calculates the number of electrons at a pixel A
using Equation 12 indicated above, and calculates the number of photons at the pixel A using Equation 13 indicated
above. Because, in this embodiment, a gain adjustment has been performed when an image is captured, a division by
17.8 [times] is performed in Equation 12 indicated below so that the adjusted amount is cancelled out.

[0108] The calculating unit 132 then converts the number of photons to the number of fluorescent molecules, using
Equation 16 indicated above.

[0109] Above Equation 16 indicates that a value resultant of multiplying 0.0116 to the luminance at each pixel of the
captured image information is equal to the number of fluorescent molecules. In other words, by converting the luminance
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at each pixel to the number of fluorescent molecules, the information processing apparatus 100 can compress the
information (at a compression ratio of 1.16 [%]). FIG. 12A illustrates that the captured image information applied with
the fluorescence fading correcting process has a gradation of 16 [bits], and FIG. 12B illustrates the captured image
information. FIG. 13A illustrates that the image information generated by converting the luminance of each pixel into the
number of fluorescent molecules has a gradation of 10 [bits], and FIG. 13B illustrates the image information. As it may
be understood by comparing FIGS. 12B and 13B, after the information is compressed by converting the luminance into
the number of fluorescent molecules, the user can recognize the number of fluorescent molecules appropriately (or a
user can compare the numbers of fluorescent molecules among different fluorescent molecules appropriately) even with
a reduced number of gradations.
[0110] The calculating unit 132 also converts the number of fluorescent molecules into the number of antibodies, using
Equation 18 indicated above.

[0111] Above Equation 18 indicates that a value resultant of multiplying 0.00330 to the luminance at each pixel of the
captured image information is equal to the number of antibodies. In other words, by converting the luminance at each
pixel into the number of antibodies, the information processing apparatus 100 can compress the information (at a
compression ratio of 0.330 [%]). FIG. 14A illustrates that the image information generated by converting the luminance
of each pixel into the number of antibodies has a gradation of 8 [bits], and FIG. 14B illustrates the image information.
As it may be understood by comparing FIGS. 12B and 14B, after the information is compressed by converting the
luminance into the number of antibodies, a user can recognize the number of antibodies appropriately (or, a user can
compare the numbers of antibodies among different antibodies, appropriately), even with a reduced number of gradations.
[0112] FIG. 15 illustrates actual measurements of the number of photons per one molecule, the image compression
ratio reflected with the number of fluorescent molecules, the fluorescent labeling ratio, the image compression ratio
reflected with the number of antibodies, having been measured for each of the fluorescent substances (the values
pertinent to "AF647" in FIG. 15 are calculated under different conditions as those used in the embodiment described
above).

<5. Correction Related to Fluorescence Saturation>

[0113] Explained in the description above is an embodiment in which the number of fluorescent molecules and the
number of antibodies are calculated. An example in which a correction related to a fluorescence saturation is performed
will now be explained.
[0114] "Fluorescence saturation" is a phenomenon in which fluorescent molecules to be excited fall short as a result
of the fluorescent molecules being irradiated with the excitation ray and transiting to the excited state. In other words,
after the fluorescence saturation has been reached, how much ever the fluorescent molecules are irradiated with the
excitation ray, no more fluorescent molecules go into the excitation state, and emits no fluorescence.
[0115] FIG. 16 is a log-log graph illustrating a relation between the excitation power density at which an excitation ray
is emitted, and a fluorescence intensity of the fluorescence caused by the emission of the excitation ray. As illustrated
in FIG. 16, the fluorescence intensity increases in proportion to the excitation power density, but the amount of the
increase gradually becomes smaller as the excitation power density is increased. Once the excitation power density
exceeds a certain level and reaches the fluorescence saturation, the fluorescence intensity does not become any higher
than kf (hereinafter, referred to as a "saturation fluorescence intensity") how much ever the excitation power density is
increased.
[0116] To address this issue, in this embodiment, it is possible to perform a correction taking the effect of the fluores-
cence saturation into consideration. More specifically, the actual measurement of the saturation fluorescence intensity
kf is collected in advance, and a correction may be performed by multiplying a correction equation related to fluorescence
saturation indicated below as Equation 31 to "the number of emitted photons per one molecule" in Equation 16 indicated
above (the equation for calculating the number of fluorescent molecules at the pixel A). In other words, the correcting
unit 131 may perform not only the correction using the fluorescence fading coefficient, but also a correction related to
the fluorescence saturation, to the luminance of the captured image information (the calculating unit 132 then calculates
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the number of fluorescent molecules and the number of antibodies using the corrected luminance of the captured image
information).

Pfl: Fluorescence Intensity
kf: Saturation Fluorescence Intensity
h: Planck Constant (6.62607 3 10-34[JS])
c: Light Speed in Vacuum (2.99792458 3108 [m/s])
P: Excitation Power Density
S: Scattering Cross Section (= Absorption Cross Section 3 Quantum Yield)
λ: Wavelength of Electromagnetic Wave in Vacuum
(In This Embodiment, 543 3 10-9 [m] As One Example)

[0117] At this time, due to the characteristics of Equation 31 mentioned above, an excitation power density P’ where
the fluorescence intensity becomes a half the saturation fluorescence intensity kf is indicated by Equation 32 below (see
FIG. 16). In other words, by solving Equation 31 with the substitution Pf1 = kf/2, Equation 32 is derived.

P’: Excitation Power Density Where Fluorescence Intensity Becomes
Half Saturation Fluorescence Intensity kf

[0118] Based on the above, the saturation fluorescence intensity kf is actually measured. More specifically, a process
of irradiating the fluorescent dye sample 30 with the excitation ray, and measuring the fluorescence intensity of the
fluorescence caused by the emission of the excitation ray is performed for a plurality of excitation power densities. The
saturation fluorescence intensity kf is then calculated by plotting the measurement results carried out for the respective
excitation power densities, and fitting the plot to Equation 31, as illustrated in FIG. 17.
[0119] A specific example of the calculation of the saturation fluorescence intensity kf will now be explained. For
example, it is assumed that, when PE that is a type of fluorescence component is used, a relation P’ ≈ 6.7 3 104 [W/cm2]
is acquired for Equation 32, through the fitting using Equation 31. At this time, it is assumed that a relation c·h/λ ≈ 3.66
3 10-19 [J] is established, as indicated in Equation 7. For the scattering cross section S (= absorption cross section 3
quantum yield), because a relation absorption cross section ≈ 7.49 3 10-15 [cm2/molecule] is established, as indicated
in Equation 11, when the actual measurement of 0.483 (or the catalog specification of 0.840) of the quantum yield of
PE, as illustrated in FIG. 9, is used, a relation of the scattering cross section S ≈ 3.62 [cm2/molecule] (or 6.29 [cm2/mol-
ecule]) is established.
[0120] By solving Equation 32 based on the above, the saturation fluorescence intensity kf ≈ 6.7 3 104 [W/cm2] 3
3.62 [cm2/molecule] (or 6.29 [cm2/molecule])/(3.66 3 10-19 [J]) ≈ 0.66 3 1024 [Photons/s/molecule] (or 1.2 3 1024

[Photons/s/molecule]) is established.
[0121] The implementor performs the correction related to the fluorescence saturation by substituting the actual meas-
urement of the saturation fluorescence intensity kf acquired in the manner described above, into correction Equation 31
related to the fluorescence saturation, and by multiplying the calculation result to "the number of emitted photons per
one molecule" in Equation 16. In this manner, it is possible to calculate the number of fluorescent molecules or the
number of antibodies highly accurately regardless of the excitation power density, by taking the effect of the fluorescence
saturation into consideration.
[0122] The timing at which the saturation fluorescence intensity kf is actually measured is not limited to any particular
timing. For example, the saturation fluorescence intensity kf may be actually measured prior to the experiments for
measuring the number of fluorescent molecules and the number of antibodies, or the actual measurement may be
collected during measurement experiments.
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<6. Exemplary Hardware Configuration>

[0123] One embodiment of the present disclosure has been explained above. An exemplary hardware configuration
of the information processing apparatus 100 will now be explained. The various processes explained above are imple-
mented by cooperation of software and hardware to be explained below.
[0124] FIG. 18 is a block diagram illustrating an exemplary hardware configuration of the information processing
apparatus 100. The information processing apparatus 100 includes a central processing unit (CPU) 901, a read-only
memory (ROM) 902, a random access memory (RAM) 903, a host bus 904, a bridge 905, an external bus 906, an
interface 907, an input device 908, an output device 909, a storage device (HDD) 910, a drive 911, and a communication
device 912.
[0125] The CPU 901 functions as an operation processor device and a control device, and controls the overall operation
of the information processing apparatus 100, in accordance with various computer programs. The CPU 901 may also
be a microprocessor. The ROM 902 stores therein computer programs, operation parameters, and the like used by the
CPU 901. The RAM 903 temporarily stores therein computer programs used in executions of the CPU 901, and parameters
or the like that changes as appropriate, during the execution. These elements are connected to one another via the host
bus 904 configured as a CPU bus, for example. The functions of the processing unit 130 and the control unit 150 are
implemented by the cooperation of the CPU 901, the ROM 902, and the RAM 903.
[0126] The host bus 904 is connected to the external bus 906 such as a peripheral component interconnect/interface
(PCI) bus, via the bridge 905. The host bus 904, the bridge 905, and the external bus 906 do not necessarily need to
be configured separately, and the functions of these buses may be implemented in one bus.
[0127] The input device 908 functions as a device such as a mouse, a keyboard, a touch panel, a button, a microphone,
a switch, a lever, or various sensors (including the imaging device) for allowing a user to enter information, and is
configured as an input control circuit or the like that generates an input signal based on a user input, and that outputs
the signal to the CPU 901. The input device 908 implements a part of the function of the acquiring unit 110, and the
function of the operation unit 160.
[0128] The output device 909 includes a display device such as a cathode ray tube (CRT) display device, a liquid
crystal display (LCD) device, an organic light-emitting diode (OLED) device, and a lamp. The output device 909 includes
an audio output device such as a speaker or a headset. The output device 909 displays various types of information
such as video data as an image or a text. The audio output device converts audio data or the like into audio, and outputs
the audio. The output device 909 implements the function of the display unit 140.
[0129] The storage device 910 is a device for storing therein data. The storage device 910 may include a recording
device for recording data in a storage medium, a reader device for reading data from the storage medium, and a deleting
device for deleting data recorded in the storage device. The storage device 910 is configured as a hard disk drive (HDD),
for example. The storage device 910 drives the hard disk, and stores therein computer programs executed by the CPU
901, and various types of data. The storage device 910 implements the function of the storage unit 120.
[0130] The drive 911 is a reader/writer for a storage medium, and provided internally or externally to the information
processing apparatus 100. The drive 911 reads information recorded in a removable storage medium 913, such as a
magnetic disk, an optical disk, an opto-magnetic disk, or a semiconductor memory, mounted thereon, and outputs the
information to the RAM 903. The drive 911 is also capable of writing information to the removable storage medium 913.
[0131] The communication device 912 is a communication interface configured as a communication device connected
to a communication network 914, for example. The communication device 912 implements the function of a part of the
acquiring unit 110.
[0132] The hardware configuration of the information processing apparatus 100 is not limited to the configuration
illustrated in FIG. 18. For example, it is possible for the information processing apparatus 100 not to be provided with
the communication device 912 when a communication is to be carried out via an external communication device connected
thereto. The communication device 912 may also be configured to communicate using a plurality of communication
protocols. Furthermore, for example, a part or the whole of the configuration illustrated in FIG. 18 may be implemented
in one, or two or more integrated circuits (ICs).

<7. Remarks>

[0133] In the description above, an exemplary hardware configuration of the information processing apparatus 100
has been explained. A method for deriving the ratio of a detectable area through an objective lens, with respect to the
full range about the radiant point 42 of the fluorescence (Equation 14 indicated above) will now be explained.
[0134] When the range 40 where the fluorescence is detectable through the objective lens is a conical part of a sphere
that has the radiant point 42 of the fluorescence as its center, as illustrated in FIG. 19A, the ratio of the range 40 with
respect to the full range about the radiant point 42 of the fluorescence can be said to be a ratio of the surface area
surrounded by a circle 41 in the conical part with respect to the surface area of the sphere that has the radiant point 42
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of the fluorescence as its center.
[0135] FIG. 19B is a cross-sectional view of a sphere when the cone is viewed laterally. Because the radius of the
circle having the band-shaped section 43 illustrated in FIG. 19B as a circumference is expressed as r 3 sinθ, the
circumferential length of the band-shaped section 43 is expressed as 2nr 3 sinθ. Furthermore, the width dx of the band-
shaped section 43 is expressed as r 3 dθ. Therefore, the area of the band-shaped section 43 is expressed as Equation
33 indicated below.

[0136] The surface area surrounded by the circle 41 of the conical part on the sphere is acquired by taking an integration
of Equation 33, as expressed in Equation 34 indicated below.

[0137] Because the surface area of the sphere that has the radiant point 42 of the fluorescence as its center is 4πr2,
the ratio of the surface area surrounded by the circle 41 on the sphere with respect to the surface area of the sphere
that has the radiant point 42 of the fluorescence as its center is expressed as Equation 35 indicated below.

[0138] The relation between the numerical aperture NA of the objective lens and a half the apex angle θ is expressed
as Equation 36 indicated below. In Equation 36, because n = 1 unless an immersion lens is used as the objective lens
(that is, because the refractive index of the air = 1), by finally modifying Equation 35 is with the result of Equation 36,
Equation 14 indicated above is derived.

<8. Summary>

[0139] As explained above, the information processing apparatus 100 according to the present disclosure acquires
captured image information of the sample 20 dyed with the fluorescent dye reagent 10, the reagent information, and the
like, and corrects the luminance of the captured image information using a fluorescence fading coefficient included in
the reagent information. The information processing apparatus 100 can then calculate information corresponding to the
fluorescent molecules (e.g., the number of fluorescent molecules or the number of antibodies bonded to fluorescent
molecules) in the captured image information using the corrected luminance, and output image information reflected
with the information.
[0140] In other words, the information processing apparatus 100 can output image information based on the number
of fluorescent molecules, for example, instead of the luminance of the captured image information. In this manner, the
information processing apparatus 100 can implement a quantitative evaluation, without depending on the measurement
condition or the characteristics of the fluorescent substance. In particular, the information processing apparatus 100 can
achieve a comparison in the number of fluorescent molecules, among a plurality of fluorescent substances or the like,
more appropriately.
[0141] A preferred embodiment according to the present disclosure has been explained above with reference to the
appended drawings, but the technical scope of the present disclosure is not limited to this example. It is clear that those
having the ordinary knowledge in the technical field of the present disclosure can arrive at various changed examples
or modified examples within the scope of the technical idea defined in the appended claims, and it is acknowledged that
such changed or modified examples naturally fall within the technical scope of the present disclosure.
[0142] The effects described herein are merely explanatory and exemplary, and are not limiting. In other words, the
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technology according to the present disclosure can achieve other effects that are clear to those skilled in the art, together
with or instead of the effects described above.
[0143] The following configurations also fall within the technical scope of the present disclosure.

(1) An information processing apparatus comprising:

an image acquiring unit that acquires captured image information of a sample dyed with a fluorescent dye reagent;
an information acquiring unit that acquires information related to the fluorescent dye reagent;
a correcting unit that corrects luminance of the captured image information using a fluorescence fading coefficient
that represents rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence
fading coefficient being included in the information related to the fluorescent dye reagent; and
a calculating unit that calculates information corresponding to fluorescent molecules in the captured image
information, using the corrected luminance.

(2) The information processing apparatus according to (1), wherein the information corresponding to fluorescent
molecules includes at least one of number of fluorescent molecules and number of antibodies bonded to the fluo-
rescent molecules.
(3) The information processing apparatus according to (2), wherein the fluorescence intensity or the luminance is
a continuous value, and the number of fluorescent molecules or the number of antibodies is a discrete value.
(4) The information processing apparatus according to (2) or (3), wherein the information related to the fluorescent
dye reagent at least includes a quantum yield, and an absorption cross section or a molar absorbance coefficient
of the fluorescent dye reagent.
(5) The information processing apparatus according to (4), wherein the information acquiring unit acquires the
information related to the fluorescent dye reagent based on reagent identification information capable of identifying
the fluorescent dye reagent.
(6) The information processing apparatus according to (5), wherein the reagent identification information is also
capable of identifying a production lot of the fluorescent dye reagent.
(7) The information processing apparatus according to any one of (1) to (6), further comprising a display unit that
displays image information generated based on the information corresponding to fluorescent molecules.
(8) The information processing apparatus according to any one of (1) to (7), wherein the fluorescence fading coef-
ficient is defined by number of photons absorbed by a fluorescent substance in the fluorescent dye reagent or a
probability at which fluorescence of the fluorescent substance fades per excitation power density.
(9) The information processing apparatus according to any one of (1) to (8), wherein the fluorescence fading coef-
ficient is calculated separately using a sample that is different from that used in calculating the information corre-
sponding to fluorescent molecules.
(10) The information processing apparatus according to any one of (1) to (9), wherein
the correcting unit also performs a correction related to fluorescence saturation to the luminance of the captured
image information, and
the calculating unit calculates the information corresponding to fluorescent molecules in the captured image infor-
mation using the corrected luminance.
(11) An information processing method executed by a computer, the information processing method comprising:

acquiring captured image information of a sample dyed with a fluorescent dye reagent;
acquiring information related to the fluorescent dye reagent;
correcting luminance of the captured image information using a fluorescence fading coefficient that represents
rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence fading co-
efficient being included in the information related to the fluorescent dye reagent; and
calculating information corresponding to fluorescent molecules in the captured image information, using the
corrected luminance.

(12) A computer program causing a computer to execute:

acquiring captured image information of a sample dyed with a fluorescent dye reagent;
acquiring information related to the fluorescent dye reagent;
correcting luminance of the captured image information using a fluorescence fading coefficient that represents
rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence fading co-
efficient being included in the information related to the fluorescent dye reagent; and
calculating information corresponding to fluorescent molecules in the captured image information, using the
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corrected luminance.

(13) An information processing system comprising:

an image acquiring unit that acquires captured image information of a sample dyed with a fluorescent dye reagent;
an information acquiring unit that acquires information related to the fluorescent dye reagent;
a correcting unit that corrects luminance of the captured image information using a fluorescence fading coefficient
that represents rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence
fading coefficient being included in the information related to the fluorescent dye reagent;
a calculating unit that calculates information corresponding to fluorescent molecules in the captured image
information, using the corrected luminance; and
a display unit that displays image information generated based on the information corresponding to fluorescent
molecules.

Reference Signs List

[0144]

10 fluorescent dye reagent
11 reagent identification information
20 sample
30 fluorescent dye sample
100 information processing apparatus
110 acquiring unit
111 information acquiring unit
112 image acquiring unit
120 storage unit
121 information storage unit
122 image information storage unit
130 processing unit
131 correcting unit
132 calculating unit
133 image generating unit
140 display unit
150 control unit
160 operation unit
200 database

Claims

1. An information processing apparatus comprising:

an image acquiring unit that acquires captured image information of a sample dyed with a fluorescent dye reagent;
an information acquiring unit that acquires information related to the fluorescent dye reagent;
a correcting unit that corrects luminance of the captured image information using a fluorescence fading coefficient
that represents rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence
fading coefficient being included in the information related to the fluorescent dye reagent; and
a calculating unit that calculates information corresponding to fluorescent molecules in the captured image
information, using the corrected luminance.

2. The information processing apparatus according to claim 1, wherein the information corresponding to fluorescent
molecules includes at least one of number of fluorescent molecules and number of antibodies bonded to the fluo-
rescent molecules.

3. The information processing apparatus according to claim 2, wherein the fluorescence intensity or the luminance is
a continuous value, and the number of fluorescent molecules or the number of antibodies is a discrete value.
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4. The information processing apparatus according to claim 2, wherein the information related to the fluorescent dye
reagent at least includes a quantum yield, and an absorption cross section or a molar absorbance coefficient of the
fluorescent dye reagent.

5. The information processing apparatus according to claim 4, wherein the information acquiring unit acquires the
information related to the fluorescent dye reagent based on reagent identification information capable of identifying
the fluorescent dye reagent.

6. The information processing apparatus according to claim 5, wherein the reagent identification information is also
capable of identifying a production lot of the fluorescent dye reagent.

7. The information processing apparatus according to claim 1, further comprising a display unit that displays image
information generated based on the information corresponding to fluorescent molecules.

8. The information processing apparatus according to claim 1, wherein the fluorescence fading coefficient is defined
by number of photons absorbed by a fluorescent substance in the fluorescent dye reagent or a probability at which
fluorescence of the fluorescent substance fades per excitation power density.

9. The information processing apparatus according to claim 1, wherein the fluorescence fading coefficient is calculated
separately using a sample that is different from that used in calculating the information corresponding to fluorescent
molecules.

10. The information processing apparatus according to claim 1, wherein
the correcting unit also performs a correction related to fluorescence saturation to the luminance of the captured
image information, and
the calculating unit calculates the information corresponding to fluorescent molecules in the captured image infor-
mation using the corrected luminance.

11. An information processing method executed by a computer, the information processing method comprising:

acquiring captured image information of a sample dyed with a fluorescent dye reagent;
acquiring information related to the fluorescent dye reagent;
correcting luminance of the captured image information using a fluorescence fading coefficient that represents
rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence fading co-
efficient being included in the information related to the fluorescent dye reagent; and
calculating information corresponding to fluorescent molecules in the captured image information, using the
corrected luminance.

12. A computer program causing a computer to execute:

acquiring captured image information of a sample dyed with a fluorescent dye reagent;
acquiring information related to the fluorescent dye reagent;
correcting luminance of the captured image information using a fluorescence fading coefficient that represents
rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence fading co-
efficient being included in the information related to the fluorescent dye reagent; and
calculating information corresponding to fluorescent molecules in the captured image information, using the
corrected luminance.

13. An information processing system comprising:

an image acquiring unit that acquires captured image information of a sample dyed with a fluorescent dye reagent;
an information acquiring unit that acquires information related to the fluorescent dye reagent;
a correcting unit that corrects luminance of the captured image information using a fluorescence fading coefficient
that represents rapidness at which a fluorescence intensity of the fluorescent dye reagent drops, the fluorescence
fading coefficient being included in the information related to the fluorescent dye reagent;
a calculating unit that calculates information corresponding to fluorescent molecules in the captured image
information, using the corrected luminance; and
a display unit that displays image information generated based on the information corresponding to fluorescent
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molecules.
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